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Abstract 
Workplace health promotion is a business management system that aims to promote and improve the health situations 
of all employees in a comprehensive and sustainable mode, and should be seen as an equal partner for occupational 
health and safety. Certain industrial hazards (in particular chemical agents) display oxidant capacity in the human 
body acting via oxidative stress, caused by a cellular excess of reactive oxygen and nitrogen species. Species like 
superoxide and hydrogen peroxide are involved in protein kinase regulation, while nitric oxide and peroxynitrite 
inactivate phosphatases as well as activating kinases, which are key agents for translating signals of cell needs into 
metabolic change through enzyme action, gene transcription, protein synthesis, and biochemical flux. These reactions 
are permanently balanced by the redox system, a nonequilibrium thermodynamic state as a basic part of aerobic life, 
determined by relative and constantly changing amounts of oxidative and antioxidative (reductive) agents. Review of 
a large number of studies shows that external sources of antioxidants, mainly fruits and vegetables, are a real benefit 
for human defense mechanisms, considering now that sufficient scientific evidence exists for public health policy to 
promote a plant-rich diet. In our investigation, we focused on anthocyanins, as highly potent phytochemical 
antioxidants expected to protect us from oxidative injury. Furthermore, these specific antioxidants were found to act 
against lipoperoxidation and oxidative stress induced by industrial chemicals like carbon tetrachloride, paraquat or 
heavy metals. Anthocyanin extracts of Vaccinium Myrtillus (bilberry) improve night vision and eye strain caused by 
excessive computer use. Because of the antioxidant skin protection against UVB radiation, these phytochemicals can 
be used (both local and oral administration) by workers from oil-bearing platforms, furnaces or agriculture. We think 
that such important findings may be used for workplace health promotion projects in chemical industry, in order to 
prevent occupational diseases or work-related diseases. The individual approach of workplace health promotion 
focuses on the health-related behaviors of employees, and is called risk factor reduction (educational approach). We 
focused our initiative on using dietary natural antioxidants by running health campaigns, and raising awareness of the 
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harmful effects of chemical agents and xenobiotics, addressed both to employees and managers. We propose a one 
year project sustaining behavior change mainly through educational and informative sessions, based on assessment of 
workers’ needs and also on developing healthy lifestyles. We also want to encourage company managers to offer 
antioxidant supplements/ fresh fruits/ berries juices to those employees who are working in harmful conditions, 
considering a daily estimated intake of 200 mg anthocyanins. Health promotion on consuming anthocyanins-rich 
fruits and vegetables may contribute in reducing age-related neurodegenerative diseases such as Parkinson’s disease 
and Alzheimer’s disease, age-related metabolic diseases (especially cardiovascular diseases), and not at least, cancer. 
Designing potent antioxidant phytococktails and standardised mixtures of anthocyanins for human consumption will 
be a great challenge on essentially inter-disciplinary research topic involving interaction of nutritionists, physicians, 
chemists, pharmacists and others. 
© 2012 Published by Elsevier Ltd. Selection under responsibility of the Congress Scientific Committee 
(Petr Kluson) 
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1. Introduction  
Health promotion means the process of enabling people to increase control over their health [1]. 
Workplace health promotion (WHP) should be seen as an equal partner for occupational health and safety 
(OHS) in creating a safe, healthy and productive environment [2]. The main objective of a WHP program 
is to change human behavior into sanogenic actions in order to develop a healthy lifestyle through 
physical exercise, healthy nutrition, quitting smoking, long-life learning, preventive screening tests, stress 
management, etc….A healthy nutrition involves daily intake of fresh fruits and vegetables rich in 
biomicronutrients and natural antioxidants such as antioxidant vitamins, carotenoids, and plant 
polyphenols [3]. In vitro and in vivo studies have shown that some polyphenols like anthocyanins possess 
antioxidant and many potential health benefits, including cardiovascular, anticarcinogenic potential, 
antidiabetic properties, improved brain function and mental clarity, healthy vision, urinary tract health, 
and dermal health [4]. The role of antioxidants in nutritional systems was mentioned since 1927, when 
Henry Mattill used the term ‘‘antioxidizer’’ to describe the action of dietary factors that prevented 
oxidation, and the antioxidant capacity of the diet is now considered to be a significant contributor to 
optimal health,  according to recent scientific evidences [5].  
Oxidative stress is caused by a cellular excess of reactive oxygen and nitrogen species, including 
superoxide (O2-), hydrogen peroxide (H2O2), hydroxyl radical (OH-), and peroxynitrite (ONOO-) 
generated by a large variety of mechanisms, including mitochondrial respiration, ischemia/reperfusion, 
inflammation, and metabolism of foreign compounds. Species like superoxide and hydrogen peroxide are 
involved in protein kinase regulation, while nitric oxide and peroxynitrite inactivate phosphatases as well 
as activating kinases, which are key agents for translating signals of cell needs into metabolic change 
through enzyme action, gene transcription, protein synthesis, and biochemical flux. Superoxide, hydrogen 
peroxide, nitric oxide, and peroxynitrite are important players in cell signaling, and oxidized fatty acids 
and other lipids have also been shown to have important signaling functions. In the context of this review, 
phytochemicals are increasingly recognized as regulators of cell signaling [6, 7]. Reactive oxygen species 
have been involved in many processes linked to carcinogenesis such as cell transformation, proliferation, 
apoptosis resistance, metastasis, angiogenesis, and genetic alterations [8]. Lethal or subletal cellular 
damages may occur if great amounts of reactive species are released, since oxidative stress is involved in 
a large variety of molecular mechanisms including xenobiotic metabolism, inflammation, abnormal 
protein production, age-related lipoperoxidation, cytotoxicity, and genotoxicity. Against oxidative injury 
Open access under CC BY-NC-ND license.
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human body has developed proper defense systems (enzymes, mainly), supported by antioxidant-rich diet. 
Recently, the antioxidant activities of certain anthocyanins (phytochemicals) were shown to be still higher 
than the activity of Į-tocopherol (vitamin E) or ascorbic acid (vitamin C), considered classic antioxidants 
[9]. Anthocyanins (flavonoids) are common components of fruits and vegetables, particularly in berries, 
and they provide red, blue, yellow, purple pigmentation (color), seeming to represent novel antioxidants, 
probably better than classic vitamin E. Edible berry anthocyanins have demonstrated potent 
chemopreventive, anti-inflammatory, anti-carcinogenic, and anti-mutagenic properties. Fruit extracts 
from blueberry, bilberry, and cranberry exhibited potent anticancer activities in in vitro screening tests 
[4]. In fact, according to some researchers, we might be deficient in anthocyanins, compared to the diet of 
our ancestors, therefore some authors sustain that a diet history is a more detailed clinical tool to be used 
by an essentially inter-disciplinary research topic involving interaction of nutritionists, clinicians, 
chemists, pharmacists and others [10]. The intake of anthocyanins in humans has been estimated to be 
180–215 mg/day in the U.S.A. [4], blackberries having the highest antioxidant activity against O2-, H2O2
and OH-, followed by strawberry, generally [9]. Anthocyanins have been known to be highly protective 
and therapeutic against especially age-related diseases such as hypertension, cardiac infarction and 
cerebral infarction, metabolic diseases (diabetes), age-related neurodegenerative diseases such as 
Parkinson’s disease and Alzheimer’s disease. Preventing many diseases is based on their bioactive 
abilities such as the immuno-, anticancer, antimicrobial, anti-inflammatory potencies and others. Benefits 
are synthesized in figure 1. 
Fig. 1. Multiple health benefits of anthocyanins. 
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Phytochemicals could be a physiological safeguard against possible toxic effects of what are 
essentially xenobiotics. This may help avoid antioxidant overload and a tipping of redox balance to the 
reductive side [11], an important characteristic of anthocyanins which could be used in protecting 
chemical exposed workers against toxic industrial hazards. There are some references in the scientific 
literature concerning the toxic effect of paraquat suppressed by supplementation of the acylated 
anthocyanins, thus improving or preventing the side effects. Authors concluded that acylated 
anthocyanins in the red cabbage might prevent the paraquat-induced oxidative stress in the rats [12]. 
Antioxidants like Taurine may play a role in treating lead poisoning, chelating agents besides [13]. 
Anthocyanins could also act against carbon tetrachloride (CCl4)-induced lipoperoxidation. Pycnogenol 
has a protective effect against the acute hepatotoxicity induced by the administration of CCl4 in rats and, 
therefore, hepatoprotective effects of pycnogenol might be due to both the inhibition of the lipid 
peroxidation and the increase of antioxidant activity [14]. Anthocyanins also have functional potential to 
serve as radiation-protective (chemopreventive activity). The efficacy of cyanidin-3-O-glucoside on the 
modulation of cellular responses following the exposure to UVB doses was examined in human 
keratinocytes, and it was concluded that this compound could protect skin cells against the adverse effects 
of UVB radiation and be beneficial as photoprotective agent [15], useful - both local and oral 
administration - for workers from oil-bearing platforms, furnaces or agriculture exposed to UV radiation. 
Engineered nanomaterials are new chemicals characterized by production of reactive oxygen species 
including free radicals (primary mechanism of toxicity), which leads to oxidative stress, inflammation and 
consequently the destruction of proteins, membranes and DNA [16, 17]. For these reasons, we believe 
that prophylaxis with natural antioxidants is advisable in exposed workers.  
A successful review about functionality of anthocyanins mentions that Anthocyanoside extracts of 
Vaccinium myrtillus (bilberry) improved night vision. Healthy human subjects were tested for dark 
adaptation, video display terminal (VDT) work-induced transient refractive alteration, and subjective 
asthenopia symptoms (visual fatigue) after intaking the black currant anthocyanosides [9]. Probably one 
of the greatest anthocyanins achievements will be protection against hepatotoxicity induced by certain 
drugs and chemicals, including genotoxic substances, proving once again that antioxidants are potent 
scavengers of free radicals and serve as inhibitors of neoplastic processes, as shown by in vitro tests.  
Evidence of a plant-rich diet benefits in humans are well documented by reviews of a large number of 
studies, epidemiological statistics, in vivo and in vitro screening tests, population nutritional habits, 
historical diets. Particularly young children could be a specific target group for implementing potentially 
health promoting substances in the diet, because in early childhood food patterns and preferences are 
formed and nutrition in the first years of life is proposed to be determining for health in later life [18]. The 
balance of evidence is on the benefit side for vegetarian diets, evidence being strongest for diabetes [11, 
19]. 
Actually, anthocyanins could be found in the following products: fresh fruits and vegetables; fresh 
natural juices; freeze dried berries; OptiBerry (a synergistic formula developed by combining wild 
blueberry, bilberry, cranberry, elderberry, raspberry seeds, and strawberry); natural anthocyanin 
supplement (phyto-extracts); commercial standardised mixtures of anthocyanins for human consumption 
[20]; skin care cosmetics. The major part of total antioxidant activity is from the combination of 
phytochemicals, so the additive and synergistic effects of phytochemicals in fruits and vegetables may 
lead to designing potent antioxidant phytococktails with superior cancer preventive effects for humans 
[8]. 
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2. WHP program`s objectives and activities  
Our WHP program is a purpose-planned and implemented social process aiming to improve 
employees’ health, with a positive influence on enterprise development. We follow a five stage program 
(figure 2) based on the principle of sustained nutritional behavior change consisting in raising awareness, 
providing information about the benefits of antioxidant (anthocyanins)-rich diet as a healthier food 
option, and supporting healthy lifestyles by offering antioxidant-rich meals in the cafeteria and 
anthocyanins supplements. It is expected that this intervention will bring a short-term positive change in 
terms of knowledge, habits, behaviors, sick leave absenteeism, but the long-term impact is difficult to 
evaluate and requires randomized trials.  
Fig. 2. The Project Management Cycle (source: ELWHP Project) 
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The project activities are synthesized in table 1 and proposed to be realized during one year. Lowering 
the rate of sick leave absenteeism is considered the measurable objective of the program.  
Table 1. Project’s objectives and activities across the stages of the WHP process 
WHP stages Objectives / activities Function of the data and information 
Getting started: 
identifying a target 
company dealing with 
chemical hazards 
building support and commitment 
project team development 
using external data and research information relevant to the program 
theme 
case studies 
marketing the concept of WHP to the 
target company 
Getting started: 
initiating the program 
within the company 
using internal data (organizational performance indicators): sick leave 
absenteeism, productivity, training costs, recruitment costs, medical 
records, existing data on health needs (supporting healthy lifestyles 
by offering healthy meals) 
communications and feedback 
marketing the concept of WHP to decision 
makers and the target group (chemical 
exposed workers) 
Assessing needs  assessing the current level of knowledge and level of information 
regarding healthy diets, in particular the importance of consuming 
fresh fruits and vegetables (employees surveillance through a 
questionnaire); 
assessing the level of chemical risk exposure and heath status of 
workers through performing extensive risk analysis and detailed 
medical checkups; 
analyzing and generating a report; 
organizational policies and priorities on health promotion and 
occupational health. 
describing the target groups (direct 
productive workers exposed to chemical 
hazards, harmful conditions, or shift-
working) 
identifying specific needs and preferences 
communications and feedback 
specification of indicators of the WHP 
program = sick leave absenteeism 
Planning the program prioritizing needs and problems 
generating solutions 
scheduling objectives and activities of the program during one year 
prioritizing issues to address 
setting targets and goals 
setting milestones 
establishing agreement on intervention 
with stakeholders 
Implementation acceptance of program activities 
increasing the level of awareness of employees regarding the benefits 
of  antioxidants (anthocyanins) contained especially in berries - 
through education sessions organized for all the employees on 
company premises (video films, figures, case stories, video-clips, 
lectures, flyers, and discussions) during 1hour per session per 20-25 
employees; 
providing training support for company managers to offer antioxidant 
(anthocyanins) supplements/fresh fruits/berries juices to those 
employees who are working in harmful conditions, considering a 
daily estimated intake of 200mg anthocyanins; 
increasing the number of those aiming to achieve a healthy lifestyle 
(expert counseling). 
monitoring and evaluation of activities 
establishing satisfaction and acceptance 
amongst the target group 
communications and feedback for 
purposes of project management 
Evaluation and 
consolidation 
participation in program activities 
measuring the rate of sick leave absenteeism before and after 
implementing the WHP project 
satisfaction with/acceptance of program activities 
assessing the effects of the WHP program 
planning for future programs 
communications and feedback 
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3. Discussions  
Our initiative was focused on using dietary natural antioxidants by running health campaigns, based 
generally on the fact that chronic degenerative diseases and diseases linked to modern day lifestyle have 
increased. There is more and more evidence indicating that practicing healthy habits can significantly 
decrease our chances of developing chronic disease. Lifestyle factors (e.g. dietary intake) are among the 
most controllable and influential factors affecting our health.  
Anthocyanins of the proanthocyanidin-type glucosides in flavonoids are contained as functional 
constituents of fruits such as berries, plums, orange and apple and vegetables such as tomato, red 
cabbage, sweet pepper, spinach and radishes, giving a colorful variety of pigments (red, violet, yellow or 
blue). Reviewing once again diverse health effects of anthocyanins, we underline their functionality on: 
free radical quenching ability and antioxidation; inflammation and collagen; the nervous system; large 
blood vessels; small blood vessels; diabetes; eyesight; antitumor activity; antiulcer activity; 
antihepatotoxicity; antiatherosclerosis; antibacterial and antiviral activity; treatment of fibrocystic disease 
of the breast; skin care and beauty; sweetener [9]. 
Industrial collectivity represents an optimal target for health promotion activities and health education, 
which must be widely available to employees for a healthy working environment and, also, for a healthy 













Fig. 3. The role of WHP in an Integrated Management System 
1996   M. Stoia and S. Oancea  /  Procedia Engineering  42 ( 2012 )  1989 – 1996 
Acknowledgements 
This work was supported by a grant of the Romanian National Authority for Scientific Research, 
CNCS – UEFISCDI, project number PN-II-ID-PCE-2011-3-0474. 
References 
[1] World Health Organization. Ottawa Charter for Health Promotion, Paper presented at: First International Conference on Health 
Promotion, 21 November 1986, Ottawa. 
[2] Masanotti G. Health Promotion and Workplace Health Promotion. In: Workplace Health Promotion Training Manual, Ed. 
Romtens Bucharest; 2009, p. 59-60. 
[3] Cherubini A, Vigna GB, Zuliani G, Ruggiero C, Senin U, Fellin R. Role of Antioxidants in Atherosclerosis: Epidemiological 
and Clinical Update. Current Pharmaceutical Design 2005;11(16):2017-2032.  
[4] Bagchi M, Zafra-Stone S, Losso JN, Sen CK, Roy S, Hazra S, Bagchi D. Role of Edible Berry Anthocyanins in Angiogenesis. 
In: Losso JN, Shahidi F, Bagchi D, editors. Anti-Angiogenic Functional and Medicinal Foods, CRC Press; 2007, p. 529-531.
[5] Samman S. Antioxidants and Public Health. Antioxidants & Redox Signaling 2010;13(10):1513-14. 
[6] Soubannier V, McBride HM. Positioning mitochondrial plasticity within cellular signaling cascades. Biochim Biophys Acta 
2009;1793:154-170. 
[7] Virgili F, Marino M. Regulation of cellular signals from nutritional molecules: A specific role for phytochemicals, beyond 
antioxidant activity. Free Radic Biol Med 2008;45:1205-1216. 
[8] Khan N, Afaq F, Mukhtar H. Cancer Chemoprevention through Dietary Antioxidants: Progress and Promise. Antioxidants & 
Redox Signaling 2008;10(3):477-500. 
[9] Motohashi N, Sakagami H. Functionality of Anthocyanins as Alternative Medicine. Top Heterocycl Chem 2008; 15: 1-48. 
[10] Kendall M, Batterham M, Prenzler PD, Ryan D, Robards K. Nutritional methodologies and their use in inter-disciplinary 
antioxidant research. Food Chemistry 2008;108:425-438.
[11] Benzie IFF, Wachtel-Galor S. Vegetarian Diets and Public Health: Biomarker and Redox Connections. Antioxidants & Redox 
Signaling 2010;13(10):1575-1591. 
[12] Igarashi K, Kimura Y, Takenaka A. Preventive effects of dietary cabbage acylated anthocyanins on paraquat-induced oxidative 
stress in rats. Biosci Biotechnol Biochem 2000;64:1600-1607.
[13] Gürer H, Ozgünes H, Saygin E, Ercal N. Antioxidant Effect of Taurine against Lead–Induced Oxidative Stress. Arch of 
Environ Contam and Toxicol 2001;41(4):397-402. 
[14] Yang YS, Ahn TH, Lee JC, Moon CJ, Kim SH, Jun W, Park SC, Kim HC, Kim JC. Protective effects of pycnogenol on carbon 
tetrachloride-induced hepatotoxicity in Sprague-Dawley rats. Food Chem Toxicol 2008;46(1):380-387.
[15] Cimino F, Ambra R, Canali R, Saija A, Virgili F. Effect of cyanidin-3-O-glucoside on UVB-induced response in human 
kerationocytes. J Agric Food Chem 2006;54:4041-4047.
[16] Oberdörster G, Oberdörster E, Oberdörster J. Nanotoxicology: an ermerging discipline evolving from studies of ultrafine 
particles. Environ Health Perspect 2005;113(7):173-9. 
[17] Schins RPF, Knaapen AM, Cakmak GD, Shi T, Weishaupt C, Borm PJ. Oxidant- induced DNA damage by quartz in alveolar 
epithelial cells. Mutat Res 2002;517(1-2):77-86. 
[18] Drossard C, Alexy U, Bolzenius K, Kunz C, Kersting M. Anthocyanins in the diet of infants and toddlers: intake, sources and 
trends. Eur J Nutr 2011;50:705-711. 
[19] Reddy S. Vegetarian Diets. In: Caballero B, Allen L, Prentice A, editors. Encyclopedia of Human Nutrition. 2nd edition, Ed. 
Oxford: Elsevier Academic Press; 2005, p. 131-137. 
[20] Thomasset S, Teller N, Cai H, Marko D, Berry DP, Steward WP, Gescher AJ. Do anthocyanins and anthocyanidins, cancer 
chemopreventive pigments in the diet, merit development as potential drugs? Cancer Chemother Pharmacol 2009;64:201-211. 
